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FIELD OF THE INVENTION 

The invention relates to an arrangement of control elements and an associated 
method for controlling the landing approach of an aircraft by a controlled descent 
along a glide path. 

15 

DISCUSSION OF THE RELATED ART 

A sharp increase in air traffic in recent years has led to a high utilization and 
partially an overloading of the air traffic capacity of many airports. Without 
expanding the physical runway facilities and the like of existing airports, or building 
20 new airports, a further increase in capacity can only be achieved by reducing the time 
required for the take-off and landing of each aircraft. Reducing the time required for 
the take-off of an aircraft basically requires an increase in the power of the aircraft, 
and is thus complicated and costly. Reducing the overall time required for the landing 



of an aircraft must consider that the landing process includes several phases, for 
example the gliding approach and descent along a glide path, flaring from the glide 
path to an essentially level final landing path, and finally floating or settling out to the 
touch down point, and then rolling out and braking along the runway. This landing 
5 process is initiated already at a considerable distance and time out from the 

destination airport, by a controlled descent on the so-called glide path or glide slope. 
Since the gliding descent along the glide path takes up a substantial amount of the 
total time of the overall landing process, reducing the time required for this gliding 
descent will have a substantial impact on shortening the overall time required for the 

10 landing process, thereby reducing the total landing and take-off cycle time, and 
increasing the landing capacity per hour of the airport. 

The descent of the aircraft along the glide path or glide slope is controlled by 
the relationship of lift and drag of the aircraft. In this context, the coefficient of lift of 
the aircraft is dependent on the angle of attack or incidence of the aircraft as well as 

15 the incident flow velocity of the relative wind with respect to the aircraft. Modem 
conventional aircraft use their typical control surfaces or control elements, such as 
flaps, rudder, spoilers, etc. and adjustments of the propulsion engine thmst, to control 
the descent of the aircraft along the glide path. Unfortunately, these conventional 
control elements can only achieve a variation of the lift and of the aerodynamic drag 

20 in a mutually coupled manner. In other words, any adjustment of the conventional 

control elements will simultaneously influence both the total lift and the total drag of 
the aircraft. This means that an intended change of the glide path slope for a given 
angle of attack of the aircraft by means of a drag variation (e.g. by extending the flaps 
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or deflecting the spoilers) will simultaneously cause a change of the lift. The resulting 
compound effects of any control adjustment are thus rather complex, and 
consequently require rather complex systems for controlling the adjustments of the 
control elements, and substantially limit the possibility of any further reductions in the 
5 time or distance required for the landing approach of the aircraft. 

BRIEF SUMMARY OF THE INVENTION 

In view of the above, it is an object of the invention to provide a device and a 
method for improving the control of a landing approach of an aircraft, and particularly 

10 for reducing the time and distance required for the descent and landing phase of the 
flight of an aircraft by achieving a steeper ghde path. The invention fiirther aims to 
avoid or overcome the disadvantages of the prior art, and to achieve additional 
advantages as apparent fi-om the present specification. The attainment of these objects 
is, however, not a required limitation of the invention. 

1 5 The above objects have been achieved according to the invention in a device 

for controlling the landing approach of an aircraft, including a respective pivotable 
control element arranged respectively at the outboard wingtip of each wing of the 
aircraft. These pivotable control elements can be selectively pivoted to deflected 
positions, whereby the coefficient of lift of the aircraft is not influenced (i.e. remains 

20 essentially constant with no practically significant change), the coefficient of drag of 
the aircraft is altered, and the aerodynamic drag or flow resistance of the aircraft is 
increased. As a result, the glide path angle is made steeper, i.e. increased relative to 
the horizontal plane. Preferably, each pivotable control element is pivotally connected 
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to a fixed plane or surface member, which in turn is rigidly connected to or a part of 
an aerodynamic component that is secured to the respective wingtip. The aerodynamic 
component may, for example, be embodied as a wingtip fence or a winglet, which is 
additionally provided with the pivotable control element. The pivot axis preferably 
5 extends perpendicularly to the major plane of the wing or parallel to the yaw axis of 
the aircraft. 

The above objects have further been achieved according to the invention in a 
method of operating the inventive device, whereby the respective pivotable control 
elements on the wingtips of the two wings of the aircraft are pivotally deflected, 

10 mirror symmetrically in unison, so as to increase the total coefficient of drag, without 
exerting a net yaw influence on the aircraft and without influencing the total 
coefficient of lift. Thus, the pivotal deflection of the inventive control elements 
simply introduces an increased drag to the overall aerodynamic configuration of the 
aircraft, which thereby achieves a faster descent along a steeper glide path in a simply 

15 and finely controllable manner. Particularly, the pivotal deflection of the inventive 
control elements achieves a fine adjustment that is superimposed on the basic 
aerodynamic configuration of the aircraft that is set by the control adjustments of the 
general control surfaces or control elements such as the flaps, spoilers, engine thrust 
adjustment, etc. Furthermore, by carrying out rapid fluctuating deflections with a time 

20 varying deflection angle or magnitude of the pivotable control elements, a rapid 
collapse of the wingtip vortices can be achieved. 

By making the gliding descent of the aircraft steeper and faster over a shorter 
horizontal distance along the glide path, the invention reduces the total time required 
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for a landing process, and thereby increases the take-off and landing cycle time and 
throughput capacity of the airport. Moreover, the invention makes it possible to carry 
out a finely adjustable drag control of the aircraft with a large bandwidth or large 
range of control, while being essentially independent of the lift and other moments of 
5 the aircraft. The inventive control fiirther makes it possible to reduce the flight noise 
of the aircraft, especially in the landing configuration. 

It is especially advantageous according to the invention, that the inventive 
pivotable control elements can be retrofitted onto previously existing aerodynamically 
effective components on the wingtips of an aircraft, having various forms and sizes, 

10 such as winglets, wingtip fences, or the like, for example. The inventive control 
elements can be readily adapted to the optimized wingtip element configurations 
required for cruise flight and/or a take-off configuration, in connection with various 
structural embodiments of the wingtip fences, winglets, or the like. Moreover, the 
inventive pivotable control elements can be moved or pivoted in various different 

1 5 conventionally known ways using any conventionally known mechanisms, for 

example, by means of hydraulic, mechanical, electromechanical, or other actuators. 

The aerodynamic effect of the inventive control elements can be determined 
by model tests and measurements in a wind tunnel, whereby the determined test data 
can be used as the basis for integrating the inventive control elements into the overall 

20 flight control system of the aircraft. In other words, by providing the appropriate data 
that associates the control element deflection with the resulting aerodynamic effect 
thereof, the pivoting deflection of the inventive control elements can be readily 
controlled from the general flight control system of the aircraft, e.g. including a flight 
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control computer. It is further advantageous, that the movable control elements can be 
controlled in a symmetrical and synchronized manner to achieve the above described 
glide path control without any yaw effect, but alternatively can be deflected 
independently and/or asjmimetrically on the two sides of the aircraft so as to achieve a 
yaw control. This effect is especially advantageous in emergency situations such as an 
emergency descent of the aircraft and/or in the event of an engine failure, to support 
and supplement the other conventional control devices for maintaining the yaw 
control of the aircraft. 

Appropriate actuation of the inventive pivotable control elements contributes 
to a rapid collapse of the trailing vortices of the wingtips of the aircraft. This is 
especially advantageous because then a shorter spacing (in time and distance) may be 
maintained between a respective aircraft taking off or landing and the next successive 
aircraft that can take-off or land, in view of the rapid collapse of the trailing vortices 
of the preceding aircraft. Thereby, a fiirther increase of the take-off and landing rate 
can be achieved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order that the invention may be clearly understood, it will now be described 
in connection with example embodiments thereof, with reference to the 
accompanying drawings, wherein: 

FIG. 1 is a schematic perspective view of a first embodiment of an 
aerodynamic component including an inventive pivotable control element, to be 
mounted on the wingtip of an aircraft wing; 
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FIG. 2 is a schematic side view of the device according to FIG. 1 ; 

FIG. 3 is a schematic top plan view of a second embodiment of an 
aerodynamic component incorporating a pivotable control element according to the 
invention; and 

5 FIG. 4 is a schematic top plan view of an exemplary aircraft equipped with the 

inventive aerodynamic components on the wingtips thereof. 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE 
INVENTION 

10 As shown in FIG. 1, an aerodynamic component 1 according to the invention 

is generally surfacially extending and aerodynamically contoured and is adapted to be 
connected to each respective outboard wingtip of a wing 17 of an aircraft 15, as 
generally shovra in FIG. 4. The aerodynamic component 1 includes a main plane body 
1 A that is rigid and adapted to be fixed to the wingtip of the aircraft wing 17 with the 

1 5 main plane body 1 A extending aerodynamically smoothly and continuously firom the 
wingtip of the aircraft wing 17 and along the major plane of the wing 17 (e.g. the 
plane extending along both the leading edge and the trailing edge of the wing 17). 

The aerodynamic component 1 fiirther comprises a control surface member 2 
that also has a generally surfacially extending or planar and aerodynamically 

20 contoured configuration. The control surface member 2 is connected and smoothly 
transitions to the main plane body 1 A. Preferably, the plane of the control surface 
member 2 stands at a relatively steep angle (e.g. greater than 70°) and preferably 
perpendicularly relative to the plane of the main plane body 1 A. Thus, the control 
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surface member 2 extends along a plane that is parallel to the longitudinal axis and 
orthogonal to the pitch axis of the aircraft. 

As can be seen in the perspective view of FIG. 1, and especially in the side 
view of FIG. 2, the control surface member 2 has an elevation shape that generally 
5 comprises a delta or whale-tail shape, preferably with a further sweptback wing-like 
or fin-like portion that protrudes rearwardly fi-om the delta-shaped portion. The 
control surface member 2 may generally be configiu'ed as a so-called wingtip fence or 
a winglet, or any other conventionally known aerodynamic structure to be arranged on 
the wingtip of an aircraft wing. 

10 To facilitate the mounting and connection of the aerodynamic component 1 on 

the wingtip of the aircraft wing, the particular embodiment shown in FIGS. 1 and 2, 
which has been tested in wind tunnel measurements, has a side wall or edge 4 that 
extends substantially vertically and perpendicularly relative to the upper and lower 
outer surfaces 3 of the aerodynamic component 1 , with a groove-shaped recess 5 let 

15 into this side wall 4 to reach into the main plane body 1 A of the aerodynamic 

component 1 . The recess 5 is adapted to receive the surfacially shaped wingtip or a 
suitably shaped portion of the wingtip, of an aircraft wing 17. Furthermore, 
throughholes 6 are provided in the main plane body 1 A, such that threaded bolts or 
the like (not shown) can be insert through the throughholes 6 so as to mechanically 

20 secure the aerodynamic component 1 to the wingtip inserted in the recess 5. These 
features are merely exemplary, and can be readily adapted to various different 
configurations and forms of mechanical connection, as needed in any particular 



application, for moimting and securely fastening the aerodynamic component 1 on the 
wingtip of any given aircraft wing 17. 

As shown particularly in the side view of FIG. 2, the control surface member 2 
comprises two surface portions or plane members 2A and 2B, namely a fixed plane 
5 member 2A and a movable or pivotable plane member 2B, which represents the 

pivotable control element 2B according to the invention. The pivotable plane member 
or control element 2B is pivotably connected to the fixed plane member 2A by means 
of a pivot hinge or pivot joint 2C, that provides a pivot axis 7. In turn, the fixed plane 
member 2 A is rigidly and fixedly secured to the main plane body 1 A of the 
10 aerodynamic component 1, which is rigidly and fixedly secured to the wingtip as 
described above. 

Not shown in the drawings are the actuator, linkage, and other mechanisms by 
which the pivotable plane member or control element 2B can be selectively pivotably 
deflected about the pivot axis 7 relative to the fixed plane member 2A. Any 

15 conventionally known actuators and linkages may be used in this regard, and may, for 
example, be housed internally within the aerodynamic component 1 , or in the aircraft 
wing 17 itself, with merely an actuating linkage extending fi-om the wing 17 into the 
aerodynamic component 1 for actuating the pivotable plane member or control 
element 2B. In a neutral non-deflected position extending parallel to the plane of the 

20 fixed plane member 2A, the pivotable plane member or control element 2B has a 
deflection angle 5=0°. From this neutral position, the control element 2B can be 
selectively deflected, either outboard or inboard, in an infinitely adjustable stepless 
manner, or in preselectable steps, to a maximum deflection angle 5>0°. Particularly, 
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the maximum angular deflection, as well as any selectable deflection steps in the 
angular range, are determined by wind turmel measurements for a given application. 

FIG. 3 shows a second example embodiment of an aerodynamic component 8 
according to the invention. This aerodynamic component 8 generally corresponds to 
the above described aerodynamic component 1, except for the following differences. 
In the embodiment of FIG. 2, the fixed plane member 2A extends rearwardly only to 
the pivot joint or hinge 2C, while the pivotable plane member 2B extends forwardly 
only up to the pivot hinge 2C. In contrast, in the embodiment of FIG. 3, a fixed plane 
member lOA extends rearwardly from the pivot joint or hinge IOC adjacently along a 
pivotable plane member lOB. Namely, the overall control surface member 10 is 
"split" along its longitudinal vertical center plane, to include the fixed plane member 
lOA and the pivotable plane member lOB extending adjacently along one another. 
The pivotable plane member or control element lOB is connected to the fixed plane 
member lOA along the pivot hinge IOC providing a pivot axis 1 1 allowing the 
pivotable plane member to pivot by the angle 8, In this embodiment, the fixed plane 
member lOA is the inboard member located closer to the wingtip, while the pivotable 
plane member lOB is the outboard member located farther away firom the wingtip, 
and being outwardly pivotable about the pivot axis 1 1 by the variable or selectable 
deflection angle 5. As mentioned above in connection with FIGS. 1 and 2, the 
deflection angle can be infinitely continuously adjustable, or adjustable to preselected 
steps, whereby these deflection angles are determined by wind tunnel tests, for 
example. 
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To ensure that the aerodynamic effect of the deflection of the pivotable plane 
members 2B or lOB essentially only influences the overall coefficient of drag without 
significantly influencing the overall coefficient of lift of the aircraft 15, the pivot axes 
7 and 1 1 are preferably perpendicular to the major plane of the wing or parallel to the 
5 yaw axis of the aircraft. Also, the pivotable control elements 2B, lOB can be actuated 
independently of the other control surfaces of the aircraft, such as the spoilers, flaps, 
and the like, used for setting the basic landing configuration. 

The respective pivotable control element lOB may be pivotally deflected 
outwardly away fi-om the aircraft, while the pivotable control element 2B may be 

1 0 pivoted selectively either outwardly away fi-om the aircraft or inwardly toward the 

aircraft, whereby the deflection of the control element 2B, lOB on the right wingtip is 
carried out symmetrically and in unison with the deflection of the corresponding 
control element 2B, lOB on the left wingtip for achieving a fine adjustment of the 
drag without inducing any yaw effect. This is the control situation used for steepening 

15 the landing approach glide. Alternatively, the left and right control elements 2B, lOB 
can be independently actuated by the aircraft flight control system, to purposely 
influence the yaw attitude of the aircraft in special situations. 

FIG. 4 schematically shows the inventive aerodynamic components 1 
respectively mounted on the outboard wingtips of the two wings 17 extending 

20 outwardly from the opposite sides of the fiiselage 16 of the aircraft 15. The aircraft 15 
fiuther includes engines 18, as well as flaps 19 and spoilers 20 provided on the wings 
17, whereby the control settings of these components establish the basic setting of the 
lift and drag for the landing glide configuration. The fine adjustment of the drag 
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achieved by the pivotal deflection of the inventive control elements 2B is 
superimposed on the basic setting of the landing glide configuration. A flight 
controller 21 including a flight control computer of the aircraft 15 is connected to 
provide control signals to actuators 22 that pivotally deflect the control elements 2B 
responsive to the control signals provided by the flight controller 2 1 . 

Although the invention has been described with reference to specific example 
embodiments, it v^ill be appreciated that it is intended to cover all modifications and 
equivalents within the scope of the appended claims. It should also be imderstood that 
the present disclosure includes all possible combinations of any individual features 
recited in any of the appended claims. 
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